In a context of low carbon economy emergence and growing demand for alternative and renewable energy sources, Brazil appears in the technological and productive vanguard of biofuels. The sugar-energy sector has a great relevance in Brazilian agribusiness; however, it has been suffering severe deterioration of its financial situation. This article presents a methodology to calculate production costs for sugarcane, sugar, and ethanol in production. There was a systematic increase in production costs over the last nine crops and decreasing trading prices of products (sugar and ethanol), implying negative economic margin. In addition to these facts, it has been identified a decrease in agricultural productivity indicators, low levels of renovation, and aging of the sugarcane plantation.
Introduction
Over the last two decades, Brazilian sugarcane production presented the largest production growth since the 1950s. The prosperity environment was fostered both by the advance of sugar production, continuing the expansion started in the previous decade, as the ethanol, which experienced its highest growth rates since the apex of the National Alcohol Program-PRO-ALCOHOL (in Portuguese Próalcool) in 1980 (Brasil, 2010) . In this context, Brazil is characterized depending on its competitiveness in sugarcane production, one of the main producing countries, consumers and exporters in the sugar, and ethanol markets (Satolo, 2008) .
Nevertheless, after the long period of prosperity of the two previous decades, marked by an intense process of mergers and acquisitions of business groups (Siqueira & Castro Junior, 2010) and investments of foreign groups (Pinto, 2011) , the sugarcane sector is going through a period of uncertainty about future expectations. Since the global financial crisis in 2008, the sector has experienced low level of investment, which consorted with low levels of profitability resulted in a decrease in production in recent crops.
The Agribusiness System (in Portuguese: Sistema Agroindustrial) (SAG) of sugarcane is complex and the industrial processing sugarcane mills depend on capital goods and suppliers of this raw material (Neves & Conejero, 2007) . In this environment, the strategies for obtaining sugarcane by processing agricultural industries set up an important issue, as they are within the context of a profound institutional change during the past decades, from industry deregulation (Bastos, 2013) .
In 2013, the sugarcane tillage occupied more than 10 million hectares, and the state of São Paulo accounts for about 52.97% of the planted area in the country (IBGE, 2015) . The sugarcane cultivation is carried out both by own production mills of sugar and ethanol as by independent growers. Raw material commercialization between the mills and the growers follows generally standardized models of negotiation, such as the CONSECANA 1 , which links the sugarcane price to the market prices of the final chain products.
The evolution of sugarcane industry in the country highlights the importance of the sugarcane grower and its competitiveness at the raw material of its own agribusiness. However, it has been observed since the 2011/2012 crop season, a deterioration of the economic margins of these agents, because increases in nominal production costs were not accompanied by sugarcane prices (Pecege, 2015) . In the last crop seasons, there was a reduction in the quality of raw materials delivered, a benchmark for pricing sugarcane (expressed in kilograms of ATR per ton of sugarcane), which also resulted in a reduction of producer remuneration. Reductions in economic margins are explained due to some factors, such as lower agricultural productivity, reducing the amount of ATR contained in the raw material delivered to the processing unit and the deterioration in the kilogram price of ATR (R$/kgATR).
In recent crop seasons, the constant drop in net income from sugarcane producer made many of these agents leave the activity. In this context, the analysis of microeconomic factors based on efficiency, as highlighted by Pereira Filho (2000), is of great importance for the competitiveness explanation because of the misallocation of resources, which contributes significantly to determining the existence of negative net income.
The role of sugarcane growers has undergone considerable changes over the last decade and, as emphasized by Bastos (2013) , these changes have not been adequately addressed in the literature of agriculture. At a time when the Brazilian sugar-energy sector is undergoing a process of consolidation and financial restructuring, given their economic and social importance, it is extremely important to identify the existence of scale economies in sugarcane production, and the analysis of the factors that determine it.
Regardless of the activity or segment, the marketing economic result of a certain product is measured by the difference between the selling price and its production cost, which may reflect in profit or loss in trading. This concept is especially important for products whose prices are determined directly by the consumer market, as the case of agricultural commodities such as sugar and ethanol produced from sugarcane in Brazil.
Sugarcane cultivation is done either by own sugar and ethanol production mills as by independent suppliers. According to the Ministry of Agriculture, Livestock and Supply-MAPA , it is estimated that 60% of processed sugarcane in Brazil is produced by the growers. Raw material marketing between mills and growers follows, generally, standard models of negotiation, such as CONSECANA, which connects the sugarcane price sales to sugar and ethanol prices.
It is inserted in this context, the "Production Costs of Sugarcane, Sugar, Ethanol and Bioelectricity" survey is sponsored by Program of Continuing Education in Economics and Management (Pecege 2 ) in partnership with the Brazilian Confederation of Agriculture and Livestock (CNA). Carried out since the 2007/2008 crop season, the survey is part of the "Countryside of the Future 3 " project, and has had the support of almost two hundred agents from mills, sugarcane growers' associations, rural unions, federations, equipment manufacturers, research centers, and inputs suppliers. Currently, the project is a reference in information dissemination regarding the sugar and ethanol profitability in sugar-energy industry. The aim of this study is to analyze the evolution of production costs in Brazilian sugarcane industry, presented in a disaggregated form the sugarcane production costs of independent growers, as well as the raw material produced in their own areas during the period between 2007/2008 and 2015/2016 crop seasons, highlighting the technical and economic indicators of raw material, sugar, and ethanol production.
Research Methods

System for Production Costs of Independent Growers' Sugarcane
The survey about growers' sugarcane is done through "panels" which are face meetings where the participants, who are usually farmers and cooperatives technicians, associations, and unions, define consensually to modal manufacturing facility in the region in question, indicating the technical and economic factors of the current sugarcane production technological package. 3 Provided by CNA, it is a project that associates the rural producer to information generation for price risk management, costs and production in rural property. For more information: http://www.canaldoprodutor.com.br/. 
Northeast
The study has 26 sample regions-about 4.2 million hectares 4 -distributed in nine different Brazilian states and in a summarized way, which are aggregated into three producing macro-regions: Traditional Central-South, Expansion South-Central and Northeast (Figure 1 ). The choice of sample points is made according to the distribution of sugarcane production in Brazil, and the presence of raw material suppliers in the regions. Noting also that for the costs formation of macro-regions, each panel receives a "weight 5 ", establishing different representativeness in the sample. In terms of the panels' geographical location, the sample distribution is only a diversity indicative of sugarcane cultivation and its respective production costs. Over the surveys, it is identified several regional particularities of production, both in technical and economic terms, and it is practically impossible to establish a technological package for standard production.
Although it observed some changes in the culture mode, due to its semi-perennial cycle, sugarcane has common and well-defined production stages to different systems: formation of sugarcane (tillage, planting, and crop plant treatment) ratoon cane treatment, and harvesting. If relate the ways in which these stages are conducted-manually or mechanically-how inputs are used in production, it is possible to establish a standardized the survey matrix, as shown in Figure 2 . As regards the cost allocation, the study takes as reference the methodology suggested by Matsunaga (1976) , whose definitions are based on the production operating costs. In short, the production costs are allocated in three portions: (i) EFFECTIVE OPERATING COST (EOC) that considers all amounts disbursed directly to production, in the case of suppliers' model, such as machinery (maintenance, insurance, taxes), labor, inputs, leases, administrative expenses, and working capital financing; (ii) TOTAL OPERATING COSTS (TOC), which adds to the EOC the indirect costs with depreciation and remuneration of the owner. In the case of depreciation, as well as machinery, tools, improvements and irrigation structures, depreciation is considered as the plantation formation, since it is an investment to be amortized in subsequent years, in the case of cuts' number per stage, and (iii) TOTAL COSTS (TC), adding the capital opportunity costs invested in production. By assumption, the land remuneration is considered equal to the value of its lease, -in other words, if the producer was not producing, it could be leasing following the values of the region-and around the capital allocated to the cane field formation, machinery/implements, improvements, and irrigation structure are considered own and paid at the rate of 6% per year. It is worth noting that, in the case of common items to the plantation formation, ratoon cane treatment and harvesting, such as administrative work and machinery/implements, the values are shared between the stages so that the plots "EOC" and "TOC" do not suffer distortions in the cost distribution. To sum up, allocation costs structure is in Figure 3 . 
Cost Calculation of Industrial Production (Sugar and Ethanol)
Costs calculation of agroindustrial production follows the methodological procedures, which are developed and described by Pecege (2015) . The definitions and the fundamental concepts of this paper, based on Pecege (2015) , are:
(1) The "Effective Operating Cost (EOC)" refers to the monetary amount effectively disbursed in direct production activities throughout the crop season. However "Total Operating Cost (TOC)" incorporates to these costs, the depreciation costs estimated (according to a predetermined useful life) of improvements, machinery, and equipment from the invested capital amount. Thus, the depreciations are allocated in the second portion of the cost structure, the TOC. Finally, the "Total Cost (TC)" adds to TOC capital and land remuneration, which is opportunity costs. The grouping of the main costs groups for the methodology of cost calculation implementation is summarized in Figure 4 . Reiteratively, the costs of sugarcane field are classified as a depreciable investment each year, in other words, they are a component of "depreciation".
(2) The standard defined to allocate the agroindustrial processing costs of sugarcane between sugar costs (crystal or VHP) or ethanol (anhydrous or hydrous), was the apportionment of proportion of Total Reducing Sugar (TRS) used by each product. The conversion factors defined for a unit production (t sugar or m³ of In order to determine the production costs of growers' sugarcane, it followed the methodology of "panels", characterized by face meetings, in which participants, who are usually farmers and cooperatives technicians, associations and unions, define consensually modal manufacturing facility in the particular region, indicating the technical and economic coefficients predetermined to define the technological package for sugarcane production.
However, questionnaires were applied from the Brazilian agroindustrial units to obtain the own sugarcane cost indicators, as well as the main products, sugar, and ethanol. The sample is not random, since the application criteria for the interview and the questionnaire were the industrial representative of agribusiness in your area, then the receptivity of the company's management to make the information requested in the survey questionnaires available.
Research Results
Production Costs of Independent Growers' Sugarcane
The main technical/economic indicators of production, such as production costs, calculated between 2007/08 and 2013/14 crop seasons for the macro-models are shown in Table 1 and Table 2 respectively. In a comparative technical-economic analysis of the regions, the main aspects are observed:
TRADITIONAL CENTRAL-SOUTH: (i) the main differences in production costs among regions occur following land remuneration and other costs, usually from administrative origin. In the case of land remuneration, the values are based on lease agreements, which in traditional region are relatively higher compared to other regions, indicating greater competition for land; (ii) the proportion of mechanized harvesting continues to rise around 80% in the 2013/2014 crop season. This growth trend is the result of the production overview, characterized by restrictions on burning before the harvest. Mechanized planting, however, has not yet been verified in the analysis period with the traditional region growers.
EXPANSION CENTRAL-SOUTH: (i) the scale of sugarcane agricultural production is considerably higher in the Expansion region which areas are 550 hectares. In Traditional and Northeast regions, the range is 170 ha and 145 ha, respectively; (ii) the administrative structure costs are inversely proportional to the production scale. In the Expansion region, these costs are relatively lower. It is important to observe the producer versatility of this region, which in general, also grows other kinds of culture, for example soybeans and corn. This situation contributes to the dilution of fixed costs (administrative expenses and common machinery) and its apportionment among the different cultures; and (iii) high levels of mechanization: the harvest is completely performed by machines and advanced mechanized planting, reaching levels around 80% in the 2013/14 crop season.
NORTHEAST: (i) the Northeast had the highest ATR price (R$/kg ATR), in order to have a strong sugar character of the mills, the existence of export quotas for VHP sugar, and local market conditions of sugar and ethanol prices higher than in other regions; (ii) intensive labor in the production process, with not verified mechanized planting and harvest indexes. The fully manual method is restricted to high slope areas prevalent in the Northeast; and (iii) agricultural productivity at lower levels-around 55 t/ha-when compared to Central-South region, whose yields were around 80 t/ha over the crops. This is the big difference as you compare the production costs among regions. In profitability activity analysis of sugarcane (Figure 5 ), when the production costs were compared with the prices, the diagnosis is made from two perspectives: Total Operating Cost (TOC) and Total Cost (TC). The difference from the second to the first is limited to the incorporation of capital opportunity costs. In a simplified analysis, TOC and TC represent, respectively, the economic viability of the activity in the horizons of medium and long term. 
R$/tonne
Since 2011/2012 crop season, is a deterioration of growers' sugarcane economic margins in all regions, the prices received for sugarcane in Traditional region were sufficient to cover all operating production costs, including depreciation, but failed to overcome the total costs. A comparative analysis between the Traditional Central-South and Expansion, the main differences in costs composition are associated with agricultural productivity and production scale, in addition to the apportionment of fixed expenses with other cultures besides sugarcane.
It observed an increase in nominal production costs that were not accompanied by sugarcane prices (Figure 5 ). In the last two analyzed crop seasons, reductions in margins were mainly due to lower agricultural productivity. In total costs analysis, i.e. incorporating capital costs to operating costs, there is a loss to all regions analyzed, except for the Expansion Central-South region in 2010/11 and 2011/12 crop seasons.
Under a new perspective to analyze the real profitability of R$/kg ATR (Figure 6 ), the Central-South region showed positive net margin in almost every year of the survey, which indicates economic viability in medium term, however low attractiveness in long term, since the profit values were negative. The Northeast region presents a more delicate situation, and in only two occasions, the margin was higher than zero, indicating a low attractiveness to the activity in the medium and long term. Figure 6 . Progress of prices, costs and margins (deflated) for sugarcane production of growers' sugarcane, considering macro regional research segmentation (Traditional Central-South, Expansion Central-South and Northeast). Notes. * Priced-Deflated price; TOCd-Total deflated operating cost; TCd-Deflated total cost; NMd-Deflated net margin; Pd-Deflated profit; ** NMd = Priced -TOCd; Pd = Priced -TCd.
However, from the technological overview, in all regions, the deflated operating cost (R$/kg ATR) is inversely proportional to the productivity, i.e. the most productive sugarcane field is those that have the smaller operating costs (Figure 7) . Therefore, the maintenance of productive sugarcane can contribute to increasing profitability. Not always all the factors of production are under the tutelage of producer as is the case of climatic factors (rainfall, temperature, and wind), but the renewal of the plantation, cultivation, and care with the harvest may distinguish it in an improved perspective of productivity. Figure 7 . Relation between deflated operating cost (R$/kg ATR) and ATR productivity (thousand kg/ha), for sugarcane production by growers, considering macro regional research segmentation (Traditional Central-South, Expansion Central-South, and Northeast).
Cost Calculation of Industrial Production (Sugar and Ethanol)
Total cost (TC) results of agroindustrial production, following the methodology presented, are arranged from Table 3 All production costs analyzed present real development between 2007/08 and 2014/15 crops. The own sugarcane production costs in Traditional region increased by about 6.1% per year in the period analyzed, while the actual price paid for sugarcane suppliers increased by 3.9% per year. In this region, the production cost of the own sugarcane has been more expensive than the costs to acquire suppliers. Additionally, it is important to observe that the agroindustrial processing costs of sugarcane have grown at a higher rate than the final products prices of Brazilian sugar-energy industry. Table 3 points the development of the price paid to sugarcane suppliers by the CONSECANA method, i.e. the amounts related to the bonus paid to suppliers are not included in the indicated prices. Table 3 
CONSECANA Price Development Paid for Growers' Sugarcane in R$/t-R$ of 2015
In order to understand better the development for agroindustrial costs of sugarcane processing, Figure 8 shows the evolution of agroindustrial costs with the average productivity of sugarcane plantation for the three regions between 2007/08 and 2014/15 crops. The total cost of processing sugarcane increased 3.4% p.a., 2.8% p.a., and 2.3% p.a., respectively for the Traditional, Expansion, and Northeast regions. In the same period, the average productivity of sugarcane area declined 2.4% p.a., 1.2% p.a., and 2.1% p.a. for the respective regions.
The reduction in profitability over the last crops has reduced the ability of the mills in continuing investing in production and, consequently, in the sugarcane quality. The direct impact is the reduction in agricultural productivity, which leads to increased agribusiness costs, further reducing profitability. Despite the expectation of climate improvement for the next crop, reducing the ATR processed sugarcane at 0.9% p.a. in Traditional region and 1.6% p.a. in Expansion region shows that the sugarcane plantations of Central-South region offers less sugar per hectare each crop. Thus, it is evident that the industry will return to profitability only if increases the productivity of its sugarcane plantations through new investments associated with the favorable macroeconomic perspectives.
Conclusions
Sugarcane production as an economic activity is under to a multitude of variables that can affect their profitability. This paper shows, the past crop seasons, the average values of the production costs for each of the sampled regions. Although the average situation is not very promising, it is essential to emphasize that some producers distinguish and earn income in this agricultural activity. This study brings some indication of the main variables, impact on production costs, and it has the effect of the most significant productivity. Furthermore, it reinforces the need for producers having increasingly more control over their activity, as a way to increase their profitability by reducing its production cost, which may be further conducted if previously known.
The main highlight survey results and points of sugarcane, sugar, ethanol, and bioelectricity production costs in Brazil, for the 2014/15 crop season are: (i) the decrease in agricultural productivity resulted in increased costs in the regions; (ii) sugarcane costs produced by the mill are higher than the potential price in all regions, highlighting the advantage of mills which acquired more sugarcane from the suppliers; (iii) costs with "cultivation of ratoon cane" increased in all regions as a result of higher sugarcane input prices, such as fertilizers; (iv) in the 2014/15 crop season, all industrial products recorded negative economic margins in all three geographical regions (the price paid for sugar was enough to pay the agroindustrial TOC of mills from all regions, for anhydrous ethanol, this is only for Traditional and Northeast regions, and hydrous ethanol, just to the Northeast); and (v) the mills which sold electricity in the 2014/15 crop obtained additional revenues that contributed to facilitating the attractiveness deterioration and sugar and ethanol production results.
This paper on the production costs of sugarcane, sugar, ethanol, and bioelectricity enhances the commitment to spread indicators, tools, and cost calculation methods. It is expected that the results and analysis presented support the decisions of agents of Brazilian sugar-energy sector, which at that time, need good information and analysis that can support the actions for improvement in its management and planning practices.
